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©  Oxidation  of  metal  (oxo)halides.  - 

©  This  invention  relates  to  a  process  for  producing 
simple  or  complex  metal  oxide(s)  or  oxohalide(s)  by 
oxidising  at  ambient  temperature  an  oxohalide  and/or 
a  halide  of  one  or  more  metals  using  an 
iodosoaromatic  compound  as  the  oxidising  agent, 
lodosobenzene,  dimethyliodosobenzene  and  pen- 
tafluoroiodosobenzene  are  suitable  oxidising  agents. 
This  method  allows  protective  coatings  of  metal  ox- 
ides  to  be  deposited  on  temperature  sensitive  sub- 
strates. 
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OXIDATION  OF  METAL  (OXO)HALIDES 

such  nuclei  may  be  non-functional  such  as  alkyl 
groups  or  functional  groups  such  as  e.g.  hydroxyl, 
halogen  or  carboxyl.  The  simplest  iodosoaromatic 
compound  is  iodosobenzene,  CsHslO,  hereafter  re- 

5  ferred  to  as  "PhIO",  whereas  typical  representa- 
tives  of  the  substituted  iodoso  aromatic  compound 
are  a  dimethyl  iodosobenzene  such  as  2,5- 
dimethyliodosobenzene,  and  a  fluoro  substituted 
derivative,  e.g.  pentafluoroiodosobenzene,  CsFslO. 

10  The  amount  of  iodosoaromatic  compound  used 
with  respect  to  the  metal  (oxo)halide  to  be  oxidised 
will  depend  upon  the  nature  of  the  starting  metal 
halide  or  metal  oxohalide,  the  oxidizing  agent  cho- 
sen,  and  the  reaction  conditions.  It  will  also  depend 

75  upon  whether  the  metal  halide  is  to  be  oxidized  to 
an  oxohalide  or  through  to  the  metal  oxide,  or 
whether  the  end  product  is  a  complex  metal  oxide 
such  as  e.g.  the  ternary  oxide  lithium  niobate(V). 

The  oxidation  reaction  may  be  carried  out  in 
20  the  homogeneous  or  heterogeneous  phase,  al- 

though  it  is  preferable  to  carry  out  the  oxidation 
under  homogeneous  conditions. 

Thus,  the  reaction  is  preferably  carried  out  in 
the  presence  of  a  solvent.  The  solvent,  if  any,  used 

25  should  be  such  that  it  does  not  compete  with  the 
metal  (oxo)halide  in  the  oxidation  reaction.  It  is  also 
preferable  to  use  oxidizing  conditions  which  avoid 
the  formation  of  hydroxides  from  the  metal  (oxo)- 
halide.  This  is  due  to  the  fact  that  the  conversion  of 

30  metal  hydroxides  to  the  corresponding  oxides  can 
require  relatively  more  severe  conditions  than  if 
such  hydroxide  formation  is  avoided.  Thus,  the 
presence  of  water  and  alcoholic  solvents  may  fa- 
vour  the  conversion  of  the  metal  (oxo)halides  into 

35  hydroxides.  Hence,  it  is  preferable  to  carry  out  the 
oxidation  under  anhydrous  conditions  and  in  the 
presence  of  readily  volatile  solvents  such  as  e.g. 
ethanenitrile,  nitromethane,  tetrahydrofuran  and  the 
like. 

40  In  order  to  facilitate  the  solubilization  of  the 
starting  materials,  the  metal  (oxo)halides  may  be 
complexed  prior  to  contact  with  the  oxidizing  agent. 
Typical  examples  of  such  solubilized  complexes 
include  the  pyridinium  salt  and  the  tetraaikylam- 

45  monium  salt  of  the  metal  (oxo)halide.  Thus, 
pyridinium  hexachlorochromate(lll)  and  pyridinium 
hexachlorovanadate(lll)  readily  dissolve  in 
ethanenitrile.  Such  pyridinium  salts  also  have  the 
advantage  in  some  cases  of  enabling  the  oxidized 

so  product  to  separate  out  of  the  reaction  mixture  as  a 
solid.  Thus,  for  instance,  pyridinium 
hexachlorovanadate(lll)  .  upon  oxidation  with 
iodosobenzene  in  ethanenitrile  at  room  temperature 
allows  solid  pyridinium  oxotetrachlorovanadate(V) 
to  separate  out  as  a  solid  from  the  reaction  mixture 

The  present  invention  relates  to  a  process  for 
oxidizing  metal  (oxo)halides  to  the  corresponding 
simple  or  complex  metal  oxohalides  or  metal  ox- 
ides. 

It  is  well  known  to  produce  metal  oxides  by 
dehydration  of  the  corresponding  metal  hydroxides, 
by  simple  oxidation  of  metals  in  air  or  dioxygen,  or 
by  decomposition  of  metal  carbonates.  For  produc- 
ing  complex  metal  oxides,  the  respective  oxides  of 
the  metals  have  been  fused  together.  All  these 
processes  involve  the  use  of  relatively  high  tem- 
peratures,  in  many  cases  above  500  *C.  For  in- 
stance,  to  produce  lithium  niobate(V)  by  fusion  of 
the  respective  oxides,  temperatures  well  in  excess 
of  500  *C  are  required.  Similarly,  production  of 
lithium  oxide  by  dehydration  of  the  corresponding 
hydroxide  requires  temperatures  in  excess  of 
200  *C. 

Such  relatively  high  temperature  reactions  are 
unsuitable  for  some  purposes,  especially  if  the 
oxides  have  to  be  deposited  on  or  within  a  tem- 
perature  sensitive  substrate,  or,  if  such  oxides  are 
to  be  produced  from  non-oxygen  containing  salts 
such  as  the  halides. 

It  has  now  been  found  that  such  metal  oxides 
and  oxohalides,  whether  simple  or  complex,  can  be 
produced  from  the  corresponding  salts  at  relatively 
low  temperatures,  e.g.  ambient  temperature,  if  they 
are  reacted  with  the  appropriate  oxidizing  agents. 

Accordingly,  the  present  invention  is  a  process 
for  producing  simple  or  complex  metal  oxide(s)  or 
oxohaiide(s),  said  process  comprising  oxidizing  an 
oxohalide  and/or  a  halide  of  one  or  more  metals 
using  an  iodoso  aromatic  compound  as  the  oxidiz- 
ing  agent. 

The  present  oxidation  reaction  will  proceed 
with  most  metal  (oxo)halides,  although  its  effective- 
ness  is  probably  greater  the  higher  the  formal 
oxidation  state  of  the  product  oxide  or  oxohalide. 
Thus,  the  (oxo)halide  of  a  metal  such  as  niobium  or 
vanadium  is  more  readily  oxidized  than  e.g.  an 
alkali  metal  (oxo)halide.  The  oxidation  process  of 
the  present  invention  is  particularly  suited  for  pro- 
ducing  simple  oxides  and  oxohalides  of  the  transi- 
tion  metals  such  as  e.g.  vanadium,  niobium,  chro- 
mium,  titanium,  iron  and  the  like,  and  for  producing 
binary  and  ternary  oxides  and  oxohalides  such  as  . 
e.g.  LiNbO3,  BaTiCb,  LiVO3  and  the  like. 

The  oxidizing  agent  used  is  an  aromatic  iodoso 
compound  represented  by  the  formula  ArlO 
wherein  'Ar'  represents  one  or  more  aromatic 
nuclei.  Examples  of  aromatic  nuclei  that  may  be 
used  include  phenyl,  naphthyl,  anthracyl  and  sub- 
stituted  derivatives  thereof.  The  substituents  in 

V  
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cm3).  The  mixture  was  heated  at  reflux  for  2.5h,  to 
produce  a  quantitative  white  precipitate  of  niobium- 
(V)  oxide. 

in  solution.  Similarly,  the  tetramethylammonium 
hexachloroniobate(V)  also  dissolves  readily  in 
nitromethane. 

The  oxidizing  reaction  can  in  most  cases  pro- 
ceed  in  a  single  step  at  ambient  temperature,  thus 
avoiding  the  use  of  expensive  or  complicated 
equipment  either  for  the  reaction  or  for  the  work-up 
of  the  products. 

When  the  reaction  is  completed,  the  iodoso 
aromatic  oxidizing  agent  itself  is  transformed  into  a 
halo-aromatic  compound  which  is  readily  removed 
from  the  metal  oxide  or  oxohalide.  PhIO  thus  gives 
rise  to  iodobenzene  when  reduced.  As  this 
iodobenzene  may  be  recovered  and  reoxidized  to 
PhIO,  this  may  form  the  basis  of  a  catalytic  cycle. 
In  the  case  of  chlorocompounds  being  used  as 
reactants,  chlorine  has  been  identified  as  the  other 
inorganic  oxidation  product. 

The  relatively  mild  reaction  conditions  enable 
the  method  to  be  used,  for  instance,  for  producing 
(a)  oxides  with  labelled  oxygen  atoms  e.g.  17O 
which  are  suitable  for  medical  uses,  (b)  polymer 
matrices  with  oxides  deposited  in-situ  which  can  be 
used  in  optical  devices,  (c)  temperature  sensitive, 
oxide  containing  electronic  and  semi-conductor  de- 
vices,  and  (d)  simple  and  complex  metal  oxides 
and  oxohalides  at  very  low  temperatures  thereby 
enabling  considerable  savings  in  costs  relating  to 
equipment  and  energy. 

The  present  invention  is  further  illustrated  with 
reference  to  the  following  Examples. 

Example  4 

Niobium(V)  chloride  (0.5g)  was  dissolved  in 
ethanenitrile  (10  cm3)  and  added  to  a  suspension 

io  of  iodosobenzene  (1.2g)  in  ethanenitrile  (10  cm3)  in 
the  presence  of  lithium  chloride  (0.08g).  The  mix- 
ture  was  heated  at  reflux  for  2.5h,  to  produce  a 
white  precipitate  of  lithium  niobate(V). 

75 
Example  5 

Iron(lll)  chloride  (0.05g)  was  dissolved  in 
ethanenitrile  (10  cm3)  and  added  to  a  suspension 

20  of  iodosobenzene  (0.2g)  in  ethanenitrile  (10  cm3). 
The  mixture  was  heated  at  reflux  for  2.5h,  to  pro- 
duce  a  quantitative  brown  precipitate  of  iron(lll) 
oxide. 

25 
Example  6 

Pyridinium  hexachlorochromate(lll)  (0.1  g)  was 
dissolved  in  ethanenitrile  (5  cm3)  and  to  this  was 

30  added  solid  iodosobenzene  (Tg).  The  mixture  was 
stirred  at  room  temperature  for  5  minutes,  and  then 
quenched  in  water  (40  cm3)  to  produce  a  solution 
containing  chromate(VI)  ions,  produced  quantita- 
tively  from  the  chromium(lll)  complex. 

35 

Example  7 

Pyridinium  hexachlorovanadate(lll)  (0.1  g)  was 
40  dissolved  in  ethanenitrile  (5  cm3)  and  to  this  was 

added  solid  iodosobenzene  (1g).  The  mixture  was 
stirred  at  room  temperature  for  5  minutes,  and  then 
quenched  in  water  (40  cm3)  to  produce  sofid 
vanadium(V)  oxide,  produced  quantitatively  from 

45  the  vanadium(lll)  complex.  The  solution,  prior  to 
quenching,  contained  pyridinium  vanadate(V). 

Example  1 

Niobium(V)  chloride  (0.5g)  was  dissolved  in 
ethanenitrile  (10  cm3)  and  added  to  a  suspension 
of  iodosobenzene  (1.2g)  in  ethanenitriie  (10  cm3). 
The  mixture  was  heated  at  reflux  for  2.5h,  to  pro- 
duce  a  quantitative  white  precipitate  of  niobium(V) 
oxide. 

Example  2 

Niobium(V)  chloride-  (0.5g)  was  dissolved  in 
nitromethane  (10  cm3)  and  added  to  a  suspension 
of  iodosobenzene  (1.2g)  in  nitromethane  (10  cm3). 
The  mixture  was  heated  at  reflux  for  2.5h,  to  pro- 
duce  a  quantitative  white  precipitate  of  niobium(V) 
oxide. 

Example  8 
so 

Pyridinium  hexachlorovanadate(lll)  (0.3g)  was 
dissolved  in  ethanenitrile  (5  cm3)  and  to  this  was 
added  solid  iodosobenzene  (0.1  5g).  The  mixture 
was  stirred  at  room  temperature  for  5  minutes, 

55  whence  pyridinium  oxotetrachlorovanadate(V) 
formed  and  separated  as  a  solid. 

Example  .3 

Niobium(V)  chloride  (0.5g)  was  dissolved  in 
tetrahydrofuran  (10  cm3)  and  added  to  a  suspen- 
sion  of  iodosobenzene  (1.2g)  in  tetrahydrofuran  (10 
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Example  1  5 

Niobium(V)  chloride  (0.5g)  was  dissolved  in 
ethanenitrile  (10  cm3)  and  added  to  a  suspension 
of  pentafluoroiodosobenzene  (1.4g)  in  ethanenitrile 
(10  cm3)  in  the  presence  of  lithium  chloride 
(0.08g).  The  mixture  was  heated  at  reflux  for  2.5 
hours  to  produce  a  white  precipitate  of  lithium 
niobate(V). 

Example  9 

Titanium(IV)  chloride  (0.05g)  was  dissolved  in 
ethanenitrile  (10  cm3)  and  added  to  a  suspension 
of  iodosobenzene  (0.2g)  in  ethanenitrile  (10  cm3). 
The  mixture  was  heated  at  reflux  for  2.5h,  to  pro- 
duce  a  quantitative  white  precipitate  of  titanium(IV) 
oxide. 

10 
Example  10 

Niobium(V)  chloride  (0.1  5g)  was  dissolved  in 
ethanenitrile  (10  cm3)  and  added  to  a  suspension 
of  pentafluoroiodosobenzene  (0.47g)  in  ethanenitrile 
(10  cm3).  The  mixture  was  heated  at  reflux  for  2.5 
hours  to  produce  a  quantitative  white  precipitate  of 
niobium(V)  oxide. 

Example  16 

Titanium(IV)  chloride  (0.  10g)  was  dissolved  in 
ethanenitrile  (10  cm3)  and  added  to  a  suspension" 
of  pentafluoroiodosobenzene  (0.40g)  in  ethanenitrile 
(10  cm3).  The  mixture  was  heated  at  reflux  for  1.5 
hours  to  produce  a  quantitative  white  precipitate  of 
titanium(IV)oxide. 

75 

20 
Example  11 

Niobium(V)  chloride  (0.20g)  was  dissolved  in 
nitromethane  (10  cm3)  and  added  to  a  suspension 
of  pentafluoroiodosobenzene  (0.5g)  in  nitromethane 
(10  cm3).  The  mixture  was  heated  at  reflux  for  2.5 
hours  to  produce  a  quantitative  white  precipitate  of 
niobium(V)oxide. 

Example  17 

Pyridinium  hexachlorovanadate(lll)  (0.1  g)  was 
dissolved  in  ethanenitrile  (5  cm3)  and  to  this  was 
added  solid  pentafluoroiodosobenzene  (1.2g).  The 
mixture  was  stirred  at  room  temperature  for  5  min- 
utes  and  then  quenched  in  water  (40  cm3)  to  pro- 
duce  solid  vanadium(V)oxide,  produced  quantita- 
tively  from  the  vanadium(lll)complex.  The  solution, 
prior  to  quenching,  contained  pyridinium  vanadate- 
(V). 

25 

30 
Example  12 

Tetraethylammonium  hexachloroniobate(V) 
(0.1  8g)  was  dissolved  in  nitromethane  (10  cm3)  and 
added  to  a  suspension  of  pentafluoroiodosoben- 
zene  (I.Og)  in  nitromethane  (10  cm3).  The  mixture 
was  heated  at  reflux  for  1.5  hours  to  produce  a 
quantitative  white  precipitate  of  niobium(V)oxide. 

35  Examples  1  8  and  1  9  (using  2,5-dimethyliodosoben- 
zene) 

A.  Synthesis  of  2,5-dimethyliodosobenzene 
40 

Example  13 

Iron(lll)  chloride  (0.1  5g)  was  dissolved  in 
ethanenitrile  (10  cm3)  and  added  to  a  suspension 
of  pentafluoroiodosobenzene  (0.47g)  in  ethanenitrile 
(10  cm3).  The  mixture  was  heated  at  reflux  for  2 
hours  to  produce  a  quantitative  brown  precipitate  of 
iron(lll)oxide. 

(a)  Synthesis  of  2,5-dimethylphenyliodine(lll)  di- 
chloride. 

2,5-dimethyliodobenzene  (1.0  g),  dissolved  in 
trichloromethane  (5  cm3),  was  chlorinated  by  the 
passage  of  dichlorine  (10  cm3  rnin"1  for  1  h)  over 
the  surface  of  the  stirred  solution  at  -10°  C  in  the 
dark.  The  yellow  solid  was  collected  by  filtration, 
dissolved  in  trichloromethane  (5  cm3;  -10°  C),  and 
precipitated  by  the  addition  of  petroleum  ether  (60- 
80;  -10°  C).  The  mixture  was  allowed  to  stand  at 
-10°  C  for  5  h,  and  the  solid  was  then  collected  by 
filtration,  washed  with  a  trichloromethane/petroleum 
ether  (60-80)  mixture  (80:20;  -10°  C),  and  dried. 
Yield:  0.9  g  (69%).  1H  n.m.r.  (CDCI3;  -10°  C) 
/p.p.m.  8.01  (S,  1H;  6-H),  7.32  (dd,  2H,  J3i4  =  7.8 
Hz;  3,4-H2),  2.77  (s,  3H;  5-CH3),  2.35  (s,  3H;  2- 

45 

50 
Example  14 

Iron(lll)  chloride  (0.20g)  was  dissolved  in 
nitromethane  (10  cm3)  and  added  to  a  suspension 
of  pentafluoroiodosobenzene  (I.Og)  in  nitromethane 
(10  cm3).  The  mixture  was  heated  at  reflux  for  2 
hours  to  produce  a  quantitative  brown  precipitate  of 
iron(lll)oxide. 

55 
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in  Example  18. 
This  facility  to  produce  metal  oxides  at  low 

temperatures  enables  such  oxides  to  be  deposited 
on  temperature  sensitive  substrates  eg.  as  protec- 
tive  coatings.  The  metal  oxohalides  formed  can 
also  act  as  oxidising  agents. 

CH3). 

(b)  Synthesis  of  2,5-dimethyliodosobenzene 
5 

Anhydrous  sodium  carbonate  (2  g)  and  crush- 
ed  ice  (3  g)  were  added  to  ,2,5- 
dimethylphenyliodine(lil)  dichloride  (5.5  g)  contain- 
ed  in  a  large  ice-chilled  mortar.  The  mixture  was 
then  ground  to  a  thick  paste,  and  aqueous  sodium  10 
hydroxide  solution  (5  M,  3  cm3)  was.  added  in  six 
equal  aliquots,  with  repeated  trituration  between 
each  addition.  The  mixture  was  then  diluted  with 
water  (10  cm3)  and  allowed  to  stand  overnight  at 
room  temperature.  The  yellow  solid  product  was  75 
collected  by  filtration,  washed  repeatedly  with  water 
(6  x  10  cm3),  and  allowed  to  dry  in  the  air  on  filter 
paper.  The  dry  product  was  then  suspended  in 
trichloromethane  (2  cm3),  collected  by  filtration, 
and  again  air-dried.  Yield:  4.2  g  (93%).  Found;  C,  20 
38.3;  H,  3.3%.  Calc.  for  C8H9IO:  C,  38.7;  H,  3.65%. 

Claims 

1.  A  process  for  producing  simple  or  complex 
metal  oxide(s)  or  oxohalide(s),  said  process  com- 
prising  oxidizing  an  oxohalide  and/or  a  haiide  of 
one  or  more  metals  with  an  iodosoarmoatic  com- 
pound. 

2.  A  process  according  to  claim  1  wherein  the 
iodosoaromatic  compound  has  the  formula  ArlO 
wherein  Ar  represents  one  or  more  aromatic  nuclei 
or  substituted  derivatives  thereof. 

3.  A  process  according  to  claim  2  wherein  the 
substituents  for  the  aromatic  nuclei  are  selected 
from  non-functional  and  functional  groups. 

4.  A  process  according  to  any  one  of  the 
preceding  claims  wherein  the  iodosoaromatic  com- 
pound  is  selected  from  iodosobenzene, 
dimethyliodosobenzene  and  pentafluoroiodosoben- 
zene. 

5.  A  process  according,  to  any  one  of  the 
preceding  claims  wherein  the  oxidation  is  carried 
out  in  a  solvent  under  homogeneous  conditions. 

6.  A  process  according  to  claim  5  wherein  the 
solvent  is  anhydrous. 

7.  A  process  according  to  any  one  of  the 
preceding  claims  wherein  the  metal  haiide  and/or 
oxohalide  is  complexed  prior  to  contact  with  the 
iodosoaromatic  compound. 

8.  A  process  according  to  claim  7  wherein  the 
metal  haiide  and/or  oxohalide  is  complexed  as  its 
pyridinium  salt  or  as  its  tetraalkyl  ammonium  salt. 

9.  A  process  according  to  any  one  of  the 
preceding  claims  wherein  the  metal  halide(s)  and/or 
oxohalide(s)  oxidised  are  of  transition  metals. 

10.  A  process  according  to  claim  9  wherein 
metal  haiide  or  oxohalide  which  is  oxidised  is  of  a 
transition  metal  selected  from  those  of  vanadium, 
niobuim,  chromium,  titanium  and  iron. 

B.  Use  of  2,5-dimethyliodosobenzene 
25 

Example  18 

Pyridinium  hexachlorovanadate(lll)  (0.50  g)  was 
dissolved  in  ethanenitrile  (20  cm3)  under  a  30 
dinitrogen  atmosphere  to  give  a  purple  solution. 
2,5-Dimethyliodosobenzene  (0.246  g)  was  then  ad- 
ded,  and  the  mixture  was  stirred  vigorously.  The 
colour  changed  from  purple  to  green  within  one 
minute.  The  mixture  was  filtered  to  yield  a  mixture  35 
of  green  and  bJue  solids,  which  were  the  two  iso- 
mers  of  pyridinium  oxotetrachlorovanadate(IV); 
[CsHsN]2tVOCU].  These  isomers  were  separated 
by  fractional  recrystallisation.  Found  for  blue  iso- 
mer:  C,  32.3;  H,  4.2;  N,  7.8%.  Calc.  for  40 
C10H12CI4.N2OV:  C,  32.6;  H,  3.3;  N,  7.6%.  Found 
for  green  isomer:  C,  32.6;  H,  4.1;  N,  7.7%.  Calc.  for 
C10H12CUN2OV:  C,  32.6;  H,  3.3;  N,  7.6%. 

45 
Example  19 

Pyridinium  hexachlorovanadate(lll)  (0.50  g)  was 
dissolved  in  ethanenitrile  (20  cm3)  under  a 
dinitrogen  atmosphere  to  give  a  purple  solution.  so 
2,5-Dimethyliodosobenzene  (0.494  g)  was  then  ad- 
ded,  and  the  mixture  was  stirred  vigorously.  The 
colour  changed  from  purple  to  green  within  one 
minute.  The  mixture  was  filtered  to  yield  a  mixture 
of  green  and  blue  solids,  which  where  the  two  55 
isomers  of  pyridinium  oxotetrachlorovanadate(IV). 
These  isomers  were  separated  by  fractional  re- 
crystallisation,  and  were  identical  to  those  prepared 
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